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1.0 Introduction 
MOSTARDI PLATT conducted an emissions compliance test program for Manitowoc Public 
Utilities in Manitowoc, Wisconsin on September 28 and 29, 2011 on the Boiler B09 Outlet Duct. 
This report summarizes the results of the test program and test methods used. 
 
The test location, test dates, and test parameters are summarized below in Table 1. 

Table 1 
Test Overview 

Test Location Test Date Test Parameters 

Boiler B09 Outlet Duct  September 28, 2011 Ammonia (NH3)  

Boiler B09 Outlet Duct  September 29, 2011 Sulfuric Acid Mist (SO3) 

 

B09 Process Summary 
Manitowoc Public Utilities Unit #9 is an atmospheric pressure circulating fluidized bed (CFB) 
boiler that fires coal, petroleum coke, paper pellets or a combination of any of the three fuels, 
along with natural gas as a start-up fuel. The boiler produces steam, which is used to turn a 
steam turbine/electric generator set and to provide steam for off-site utilization (cogeneration).  
The Manitowoc Public Utilities Power Plant is located at 701 Columbus Street in the City of 
Manitowoc, in Manitowoc County, Wisconsin.  The WDNR FID No.: is 436035930.  The 
Manitowoc Public Utilities business office is located on the same site with an address of 1303 
South 8th Street. The simplified process flow diagram of the CFB unit is shown in Figure 1.  

 

MPU00753



Emission Compliance Test Report  Project No.: M113908 
Manitowoc Public Utilities–Manitowoc Boiler B09 Outlet Duct             September 28 and 29, 2011 
 
 

2 

FIGURE 1.  Process flow diagram of the Unit 9 steam/electric cogeneration unit. 
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Unit 9 is connected to a single 63 MW generator.  The exhaust from unit 9 is continuously 
monitored prior to combining with the exhaust from diesel unit 2 and discharging out Stack S10, 
see Figure 2.  Opacity monitoring using a certified COM is performed at an elevated monitoring 
location on stack S10 for Unit 9 and the diesel.   

 

FIGURE 2.   

 

Atmospheric Pressure Circulating Fluidized Bed Boiler Description - (Boiler 09) 
The Atmospheric Pressure Circulating Fluidized Bed boiler (CFB) boiler provides the steam 
necessary to power the steam turbine and electric generator.  The CFB boiler technology is 
significantly different from conventional utility power boilers utilizing pulverized coal, stoker, or 
cyclone boiler technology, since it has the ability to significantly reduce emissions of sulfur 
dioxide (SO2) and nitrogen oxides (NOX), two pollutants of concern in acid deposition and, in the 
case of NOX emissions, ground level ozone formation.  The mechanism responsible for reducing 
SO2 and NOX emissions is the use of limestone as part of the fluidized bed “matrix” and the 
relatively low combustion temperatures, respectively.  CFB boiler technology is considered a 
"Clean Coal Technology" by the U.S. Department of Energy and the U.S. Environmental 
Protection Agency.  
 
The CFB boiler will combust coal and /or petroleum coke (and, during startup, natural gas) in a 
limestone matrix.  In the furnace section of the CFB boiler a mixture of fuel, limestone, and ash 
is suspended or “fluidized” in an upwardly flowing gas stream.  Although the fuel particles and 
limestone are solids, the combination of fuel particles, limestone and combustion air exhibit 
fluid-like properties. Combustion air forced in at the bottom of the furnace keeps the bed in a 
constantly upward moving flow.  At the top of the furnace, relatively large entrained particles are 
separated from smaller ash particles and the combustion gases and returned to the furnace until 
combustion is complete.  Because of the circulating nature of the fluidized bed, this combustion 
technology is referred to as a circulating fluidized-bed (CFB) boiler. 
 
Combustion takes place within the furnace “bed” with high furnace heat transfer rates but low 
combustion temperatures ranging from 1,500 to 1,650°F.  Because thermal NOX formation is a 
high temperature process occurring at temperatures in excess of 2,000°F, the lower CFB boiler 
operating temperature significantly reduces NOX production. The addition of limestone and 
hydrated ash to the fluidized bed allows the boiler to remove fuel sulfur directly in the boiler.  
The boiler is equipped with an ammonia injection SNCR system in addition to good combustion 
practices to control the nitrogen oxide emissions.  Combustion control is better than expected 
and operation of the SNCR system is not necessary at all times in order to comply with the 
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applicable nitrogen oxide emission limitations.  The installation of CEMS equipment is required 
for demonstrating compliance with sulfur dioxide, nitrogen oxides, and opacity emission 
limitations.  Quarterly excess emission reports are filed with the WDNR from the certified 
instruments demonstrating compliance with the applicable emission limitations.  The CEMS is 
part of the B09 Part 75 system and emission reports are filed quarterly with EPA for the ARP 
and CAIR. 
 
Air Pollution Control Operation Permit 436035930-P20 permit limitations for Unit 9 are 
summarized in the following table: 
 

UNIT 9 Permit Limitat ions 

Pollutant Regulat ion Standard Units Ave. Period 
Part iculate Matter NR 415.06(2)(c), Wis. Adm. Code 0.03 lb/mmBtu n/a 
Part iculate Matter 
(PM10) 

§ 285.65(3), Wis. Stats. 
 

0.03 lb/mmBtu n/a 

Sulfur Dioxide NR 440.20(4), Wis. Adm. Code 
§ 285.65(7) and (3) Wis. Stats. 

0.30 
71.2 

lb/mmBtu 
tons per 
month 

30 days 
12 months 

Nitrogen Oxides NR 440.20, Wis. Adm. Code 
§ 285.65(7) and (3) Wis. Stats. 

0.155 
24.62 

lb/mmBtu 
tons per 
month 

30 days 
12 month 

Carbon Monoxide NR 405.08(20) 0.15 lb/mmBtu 24 hours 
Volat ile Organic 
Compounds 

NR 419.03, Wis Adm. Code 0.013 lb/mmBtu n/a 

Lead § 285.65(7) Wis. Stats. 2.0 x10-4 lb/mmBtu n/a 
Mercury § 285.65(7) Wis. Stats. 3.52 x10-

5 
lb/mmBtu n/a 

Fluoride § 285.65(7) Wis. Stats. 0.0017 lb/mmBtu n/a 
Visible Emissions NR 431.05, Wis. Adm. Code 20%  6 min ave. 
Benzene § 285.65(7) Wis. Stats. 0.0325 Lb/hour n/a 
Polychlorinated 
Dibenzo-p-Dioxins 

NR 445.04(3)(b), Wis Adm. Code BACT  n/a 

Ammonia NR 445.04(1), Wis Adm. Code 25 ppm n/a 
NR 445.04(1), Wis Adm. Code 15.8 Lb/hour n/a 

Sulfuric Acid Mist § 285.65(7) Wis. Stats. 0.0045 lb/mmBtu 24 hours 
Formaldehyde § 285.65(3) Wis. Stats. 0.0060 Lb/hr n/a 

 
The identification of individuals associated with the test program is summarized below in Table 
2. 
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Table 2 
Test Personnel 

Location Address Contact 
Test Facility Manitowoc Public Utilities 

MPU Power Plant 
701 Columbus Street  
Manitowoc, Wisconsin  

Mr. Thomas E. Reed 
(920) 686-4384 (phone) 
tomreed@mpu.org 
mailto: chris.mahin@knaufusa.com 

Testing Company 
Representative 

Mostardi Platt 
888 Industrial Drive 
Elmhurst, Illinois 60126 

Mr. A. Lawrence Sorce 
(630) 993-2100 (phone) 
lsorce@mp-mail.com 

 
The test crew consisted of Messrs. R. Sollars and A. L. Sorce of Mostardi Platt. The purpose of 
the test program was to determine the emission rates of NH3 and SO3 at the Boiler B09 Outlet 
Duct.  
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2.0 Executive Summary 
Selected results of the test program are summarized below, in Table 3. A complete summary of 
emission test results follows the narrative portion of this report. 
 

Table 3 
Test Results 

Test Location Date 
Test 

Parameter Emission Rate Emission Limit 

Boiler B09 Outlet 
Duct 

9/28/11 NH3 2.64 ppm 25 ppm 

9/28/11 NH3 1.01 lbs/hr 15.8 lbs/hr 

9/29/11 SO3 
0.0020 Lbs/MMBtu  

(Heat Input) 
0.0045 Lbs/MMBtu (Heat 

Input) 

9/29/11 SO3 
0.0022 Lbs/MMBtu  

(F-factor) 
0.0045 Lbs/MMBtu  

(F-factor) 
9/29/11 SO3 1.41 Lbs/hr N/A 

9/29/11 SO3 0.06 Lbs/ton of fuel input N/A 
 
A cyclonic flow test indicating that the unit meets the less than 20 degree angle requirement 
was conducted on September 27, 2011 and is included in the Appendix.  The average angle 
was 8.88 degrees. 
 
 

3.0 Test Methodology 
Emissions testing was conducted following the methods specified in 40 CFR, Part 60, Appendix 
A. Schematics of the sampling trains used are included in the Appendix. Copies of field data 
sheets and/or analyzer print-outs for each test run are included in the Appendix. 
 
The following methodologies were used during the test program: 
 

Method 1 Traverse Point Determination 
Test measurement points were selected in accordance with Method 1. The characteristics of the 
measurement location is summarized below, in Table 3. 
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Table 3 
Sample Point Selection 

Location 
Upstream 
Diameters 

Downstream 
Diameters Test Parameter 

Number of  
Sampling Points 

Boiler B09 Outlet 
Duct 

> 0.5 > 2.0 NH3 24 
> 0.5 > 2.0 SO3 1 
> 0.5 > 2.0 Volumetric Flow 24 

 

Method 2 Volumetric Flowrate Determination 
Gas velocity was measured following Method 2, for purposes of calculating stack gas volumetric 
flow rate. An S-type pitot tube, differential pressure gauge, thermocouple and temperature 
readout were used to determine gas velocity at each sample point. All of the equipment used 
was calibrated in accordance with the specifications of the Method. Calibration data is 
presented in the Appendix. 
 

Method 3A Oxygen (O2)/Carbon Dioxide (CO2) Determination 
Stack gas molecular weight was determined in accordance with Method 3A. A Servomex 
analyzer was used to determine stack gas oxygen and carbon dioxide content and, by 
difference, nitrogen content. All of the equipment used was calibrated in accordance with the 
specifications of the Method. 
 

Conditional Test Method 027 (CTM-027) Ammonia (NH3) Determination 
Ammonia concentrations were determined using CTM-027 at the test location.  An integrated 
24-point sample was extracted from the gas stream and passed through dilute (0.1 N) sulfuric 
acid. In the dilute acid, ammonia dissolves and forms ammonia ions. The ammonia ions were 
then analyzed by ion chromatography. The sample train consisted of a glass-lined probe 
followed by a heated filter, and four impingers. The first and second impingers contained the 
dilute sulfuric acid, the third impinger was empty, and the fourth impinger contained silica gel to 
absorb any remaining moisture. The train was leak checked prior to and after each run. The 
samples were recovered by quantitatively transferring the contents of the first three impingers 
and deionized water rinses to a glass sample jar. The samples were mixed and labeled, and the 
level marked for transfer to the laboratory. The samples were analyzed by TEI Analytical, Inc. of 
Niles, Illinois. 
 

Sulfuric Acid Mist (SO3 as H2SO4) Determination 
Stack gas sulfuric acid mist (H2SO4 and SO3) concentrations and emission rates were 
determined in accordance with Consol Method 8A (Controlled Condensate Method). An ESC 
sampling train was used to sample stack gas, in the manner specified in the Method. Analyses 
of the samples collected were conducted by Mostardi Platt. All of the equipment used was 

MPU00759



Emission Compliance Test Report  Project No.: M113908 
Manitowoc Public Utilities–Manitowoc Boiler B09 Outlet Duct             September 28 and 29, 2011 
 
 

8 

calibrated in accordance with the specifications of the Method. Calibration data is presented in 
the Appendix. 
 
Quality assurance and quality control was demonstrated by spiking run 1 with a known amount 
of H2SO4 and verifying the recovery by re-titrating the sample.  The recovery was found to be 
93.75%. 
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4.0 Test Result Summary 
Client:
Facility:
Test Location:
Test Method:

60.2 MW 59.2 MW 60.0 MW
9/28/11 9/28/11 9/28/11
11:30 13:45 15:30
12:40 15:00 16:35
Run 1 Run 2 Run 3 Average

341.3 341.3 342.3 341.6
6.6% 7.0% 6.9% 6.8%
29.10 29.10 29.10 29.10

64.674 66.742 65.382 65.599
60.198 60.004 59.723 59.975
229,778 229,037 227,963 228,926
137,574 136,536 135,823 136,644

14.0 13.8 14.1 14.0
5.3 5.5 5.2 5.3

98.3 102.2 100.7 100.4

4.76 3.66 2.60 3.67
3.47 2.58 1.87 2.64
1.34 0.99 0.71 1.01

Manitowoc Public Utilities
Manitowoc Generating Station
Boiler B09 Outlet Duct
CTM-027

Source Condition
Date

Start Time
End Time

Stack Conditions
Average Gas Temperature, °F

Flue Gas Moisture, percent by volume
Average Flue Pressure, in. Hg

Gas Sample Volume, dscf
Average Gas Velocity, ft/sec

Gas Volumetric Flow Rate, acfm
Gas Volumetric Flow Rate, dscfm

Average %CO2 by volume, dry basis
Average %O2 by volume, dry basis

Isokinetic Variance
Ammonia (NH4) Emissions

ppm
lb/hr

mg of sample collected
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Test No. Time Vt-Vtb N Vsoln Va Vm(std) ft3
C SO3 as H2SO4 

(lbs/dscf)
Volumetric 

Flow DSCFM
ppm SO3 as 

H2SO4

lbs/hr SO3 as 
H2SO4

lbs/ton SO3 as 
H2SO4

lbs/mmBtu SO3 

as H2SO4             

(F-factor Basis)

lbs/mmBtu SO3 

as H2SO4         

(Heat Input 
Basis)

1 08:40 - 09:40 0.30 0.0107 100 25 7.067 1.96E-07 129,064 0.77 1.52 0.06 0.0023 0.0022
2 10:40 - 11:40 0.25 0.0107 100 25 5.918 1.95E-07 129,332 0.77 1.52 0.06 0.0023 0.0021
3 12:25 - 13:25 0.20 0.0107 100 25 5.958 1.55E-07 129,482 0.61 1.21 0.05 0.0018 0.0017

Average 129,293 0.72 1.41 0.06 0.0022 0.0020

QA/QC Recovery 

1 ml 0.01 N H2SO4 added to Test 1.
 
Titrated with 0.0102 Barium Chloride
1.2 ml titrated for QA/QC Recovery

(1 ml x 0.01 N)/ 0/0102 N equals 0.98 mls.
0.98 mls plus 0.3 mls sampled Test 1 equals 1.28 mls.

1.2 mls divided by 1.28 mls times 100 equals 93.75% Recovery

Consol Controlled Condensate Titration Results Summary
Manitowoc Public Utilities

Boiler B09 Outlet Duct
September 29, 2011

Gaseous Phase SO3 as H2SO4, 80% IPA Condenser Coil
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5.0 Process Data 
Production data and fuel use data was recorded by plant personnel during each test run in order 
to correlate emission rates to production and fuel use. Production data and fuel use data is 
found in the Appendix. 
 
 

6.0 Conclusion and Certification 
MOSTARDI PLATT is pleased to have been of service to Manitowoc Public Utilities. If you have 
any questions regarding this test report, please do not hesitate to contact us at 630-521-9400. 
 
CERTIFICATION 
 
As project manager, I hereby certify that this test report represents a true and accurate 
summary of emissions test results and the methodologies employed to obtain those results, and 
the test program was performed in accordance with the methods specified in this test report. 
 
MOSTARDI PLATT 
 
 

 
__________________________________ 
A.L. Sorce        Project Manager 
 

 
__________________________________ Quality Assurance 
Jeffrey M. Crivlare 
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